Objective: To evaluate the results of resection of tumors of the thymus by robotic thoracic surgery, analyzing the extent of resection, postoperative complications, time of surgery, and length of stay. Methods: Retrospective study from a database involving patients diagnosed with a tumor of the thymus and undergoing robotic thoracic surgery at one of seven hospitals in Brazil between October of 2015 and June of 2018. Results: During the study period, there were 18 cases of resection of tumors of the thymus: thymoma, in 12; carcinoma, in 2; and carcinoid tumor, in 1; high-grade sarcoma, in 1; teratoma, in 1; and thymolipoma, in 1. The mean lesion size was 60.1 ± 32.0 mm. Tumors of the thymus were resected with tumor-free margins in 17 cases. The median (interquartile range) for pleural drain time and hospital stay, in days, was 1 (1-3) and 2 (2-4), respectively. There was no need for surgical conversion, and there were no major complications. Conclusions: Robotic thoracic surgery for resection of tumors of the thymus has been shown to be feasible and safe, with a low risk of complications and with postoperative outcomes comparable to those of other techniques.
INTRODUCTION
Thymomas and other tumors of the thymus are relatively rare neoplasms. Their treatment usually involves resection of the thymus and adjacent mediastinal fat. They are associated with paraneoplastic syndromes, the most common being myasthenia gravis, which is present in approximately one third of patients with thymoma. (1) Surgical treatment is indicated for the treatment of stage I and II thymomas, with a 10-year survival rate of 70-90%. (2) In more advanced stages and in cases of tumor recurrence, surgical resection, in combination with chemoradiotherapy, is indicated for local control of the disease. (3, 4) In the 1990s, the concept of minimally invasive surgery was introduced into the field of thoracic surgery and began to be applied in mediastinal surgical resections. The use of minimally invasive thymectomy was motivated by the possibility of minimizing the deleterious effects of prolonged general anesthesia and the postoperative pain caused by thoracotomy in patients with myasthenia gravis. In this context, studies have proven total thymectomy by video-assisted thoracoscopic surgery to be feasible in patients with myasthenia gravis (5) and also for those with stage I and II thymomas. (6) Since the beginning of the 21st century, robotic surgery has emerged as an interesting alternative because it not only offers the advantages of being minimally invasive but also provides a wider range of motion to the surgical performance, reduces the impact of surgeon hand tremors, enables greater precision in the movement of the forceps, and provides better three-dimensional visualization of the surgical field. (7, 8) In Latin America, especially in Brazil, minimally invasive thoracic surgery has recently come to be more widely used. (9) However, in contrast to the literature on pulmonary resections, (10) there is a lack of studies describing the results of resection of thymic tumors by robotic surgery. The primary objective of the present study was to evaluate the results of the resection of thymic tumors with the aid of robotics by determining the extent of resection, postoperative complications, operative time, and length of hospital stay.
METHODS
This was a retrospective study of patients diagnosed with a thymic tumor who underwent resection by robotic thoracic surgery. Every procedure was performed by the same group of surgeons, at one of seven hospitals in Brazil, and the lead author participated in all of them, either as the surgeon operating the console or as the proctor. The robotic platform used was the da Vinci Intuitive Surgical System (Intuitive Surgical Inc., Sunnyvale, CA, USA). The hospitals involved were the São Paulo State Cancer Institute, Hospital Sírio-Libanês, Hospital Albert Einstein, Hospital Nove de Julho, and Hospital São Luiz, all located in the city of São Paulo, as well as the Hospital Copa Star and Hospital Quinta D'Or, both located in the city of Rio de Janeiro. All of the surgical procedures were performed between October of 2015 and June of 2018.
Data were collected from a database dedicated to robotic surgery and maintained by our team of thoracic surgeons. We included all cases of thymic tumors treated surgically during the period and excluded only patients whose medical records did not present information regarding sociodemographic data and histological type. Our eligibility criteria for robotic resection of mediastinal tumors were as follows: the patient being considered a candidate for the proposed procedure, on the basis of the clinical and anesthetic evaluation; the tumor being in the thymus; and there being no signs of invasion of adjacent structures such as the heart and great vessels. Tumor invasion of the pericardium or lung was not considered a contraindication to the robotic procedure. Figure 1 shows HRCT images of 2 patients with thymic tumors.
The surgical technique used was based on the description provided in a study conducted by Rueckert et al. (10) When that technique is employed, access to the mediastinum is preferentially through the left side of the chest (Figures 2 and 3 ). However, in some cases, the position of the tumor may necessitate right-sided access. The patient is placed in the supine position with the head rotated 30° to the contralateral side. Three surgical incisions are made for the ports, which are used for the robotic arms (one for the three-dimensional vision and two for the robotic forceps) positioned in the 3rd, 4th and 5th intercostal spaces ( Figure 2 ). We also use an additional port for the assistant surgeon, who remains with the patient during surgery.
The surgery begins with the identification of the left phrenic nerve ( Figure 3A ) and subsequent opening of the mediastinal pleura anterior to it. Subsequently, loose connective tissue adjacent to the lesion is dissected until the mediastinal structures such as the pericardium, aorta, and innominate vein are completely exposed ( Figure 3B ). Complete resection of the thymus or resection of only the thymic tumor may then be performed. (11) The variables evaluated in the present study were related to the surgical technique (operative time and partial or complete thymic tissue resection), perioperative outcomes (length of ICU stay, length of hospital stay, duration of pleural drainage, and postoperative complications), and the extent of the resection.
Total operative time was defined as the time from the initial incision to the final closure, including the creation of the ports, robot docking, console operation, and chest wall closure. The drainage time, length of ICU stay, and length of hospital stay were measured in days from the day of surgery, which was designated (D0), the subsequent days being designated D1, D2, etc. The discharge date was defined as the day on which the patient left the hospital, regardless of the time of discharge.
The extent of surgical resection was assessed by review of the pathology report. If the surgical specimens showed tumor-free margins or margins coincident with structures that precluded further resection, such as the sternum, pleural surface, or pericardium, the resection was categorized as curative (R0). (12) The thymomas were staged according to the Masaoka-Koga classification. (13) 
Statistical analysis
Continuous variables are expressed as mean and standard deviation or as median and interquartile range (IQR). Categorical variables are expressed as absolute and relative frequencies. Type I error was set at 5%.
RESULTS
During the study period (from October of 2015 to June of 2018), 243 robotic procedures were performed by our group. Of those, 52 were resections of mediastinal lesions, including 33 of the anterior mediastinum, of which 18 were primary tumors of the thymus.
Of the patients with thymic tumors, half were male, and the mean age of the patients was 47.0 ± 12.1 years. The histological types found are described in Table 1 . The mean size of the lesions, according to the pathology reports, was 60.1 ± 32.0 mm.
The surgical technique employed was that described by Rueckert et al., (10) which utilizes three robotic arms and a secondary access for the auxiliary port. In the original technique, the preferential approach to the mediastinum is from the left side. However, in 6 of our cases, the location of the tumor dictated that the access be from the right side, and the robot was therefore positioned on that side. Total thymectomy associated with tumor resection was performed in 9 patients. The median total operative time and console time were 130 min (IQR: 90-156 min) and 72 min (IQR: 52.5-102.5 min), respectively. No significant intraoperative accidents were observed, nor was it necessary to convert to video-assisted surgery or open surgery in any of the cases.
Postoperatively, patients were hospitalized for 2-4 days (median = 2 days). Surgical recovery was in the ICU in 6 cases, the mean length of ICU stay being 1.1 days. Drainage time ranged from 1-3 days (median = 1 day).
The only early complication observed in our study was elevation of the hemidiaphragm, in 2 cases (11%). However, it had no clinical repercussions for the affected patients. One patient required readmission due to chylothorax diagnosed one month after surgery and was treated by thoracic duct embolization. There were no deaths in the present study.
Among all the resected tumors, compromised margins were described in the pathology report in only 1 case (5%), which was in a patient with thymoma. In that case, the margin was focally coincident with the area of the encapsulated neoplasm. Therefore, after a multidisciplinary discussion, the decision was made to administer adjuvant radiotherapy. The patient with a thymic carcinoid tumor presented signs of locoregional recurrence three months after surgery and underwent systemic treatment. At this writing, the patient was awaiting additional local treatment with surgery or radiotherapy. Lymph nodes were resected from at least one lymph node chain in 7 patients (mean, 3.4 lymph nodes/patient).
Of the 12 thymomas evaluated, 11 were categorized in the pathology examinations according to the Masaoka-Koga classification (13) , as follows: stage I, in 6; stage IIa, in 4; and stage IVa, in 1. The patient with stage IVa thymoma was diagnosed intraoperatively with an anterior mediastinal tumor (Figure 4 ) and therefore underwent two surgical procedures. The first procedure was aborted after the identification of pleural implants and positive frozen section analysis results for neoplasia, after which the patient was submitted to neoadjuvant chemotherapy, resulting in a partial tumor response. The second procedure was performed four months later for complete resection of the thymoma, which presented local invasion of the lung and pleura.
In our sample, 4 patients received multimodal treatment and neoadjuvant chemotherapy. Of those 4 patients, 3 were diagnosed with thymoma and 1 was diagnosed with thymic carcinoma. Another patient received adjuvant radiotherapy after thymoma resection.
DISCUSSION
We have shown that the resection of thymic tumors by robotic surgery is feasible and safe. The implementation of a surgical technique in daily practice is a challenge, because the expectation is to achieve results comparable to those of medical centers where the technique is already well-established, although the experience of a team is based on its learning curve. Like our group, others have published their experiences with robotic surgery, reporting similar results. (14, 15) At the beginning of their robotic surgery program, Brown et al. (16) considered thymectomy to be the surgery of choice, because of the location of the thymus in the anterior mediastinum. Nevertheless, only 5 (10%) of our first 50 procedures were performed for the resection of mediastinal lesions. That is explained by the fact that our robotic thoracic surgery program was initially implemented at the São Paulo State Cancer Institute, where a prospective study was conducted to draw comparisons between pulmonary lobectomy performed by video-assisted thoracic surgery and pulmonary lobectomy performed by robotic thoracic surgery, (17) during which the surgeons in our group obtained their initial training and experience. That may have contributed to the fact that our operative time and perioperative outcomes were consistent with those reported by other groups with more experience in robotic surgery of the mediastinum. (18, 19) Following current trends, a systematic review published in 2018 (20) proposed that minimally invasive surgery, including video-assisted thoracic surgery and robotic thoracic surgery, should be considered the surgical technique of choice in the treatment of earlystage thymic tumors. Minimally invasive treatment is associated with shorter hospital stays, less intraoperative bleeding, and better aesthetic results. In the present study, we showed that robotic surgery is associated with a shorter duration of pleural drainage and a shorter hospital stay, with medians of 1 and 2 days, respectively. In addition, minimally invasive surgery has been shown to be as effective as open surgery in terms of the rates of complications, local recurrence, and survival. (20) In the present study, the follow-up period was too short to allow us to estimate cancer outcomes. However, the low risk of complications was confirmed, given that only one complication (late chylothorax) was observed and none of the patients required reoperation.
As evidenced in studies on complications after mediastinal lymphadenectomy, chylothorax after thoracic surgery presents a good response to conservative treatment or embolization because it is a chylous fistula resulting from thoracic duct collaterals, (21) that is, of low output.
Regardless of the access route, the importance of complete tumor resection in terms of prognosis is known (22) ; as such, all efforts should be directed to the total resection of the tumor and surrounding thymic tissue by avoiding direct manipulation to prevent capsule rupture and the spread of the tumor in the location. In our study, only 1 case did not present tumor-free margins after histopathological analysis, which was focally coincident with the encapsulated area of the tumor. The patient received adjuvant radiotherapy and, at the time of writing, had no evidence of disease recurrence 3 years after surgery. The technical advantages of robotic surgery were remarkable for the safe dissection of the mediastinal structures, notably the superior poles of the thymus. Three-dimensional vision and traction through the use of grasping forceps on the robot's left arm, combined with the ability to perform precise movements within delicate cervical structures, contributed to the absence of vascular accidents or the need for surgical conversion in our study.
As shown in previous publications, resection of large thymic tumors by robotic surgery is safe and effective. (12, 23) In our study, large tumors (largest diameter: 12.5 cm) were resected, which corroborates the hypothesis that size should not be considered an absolute contraindication to the method. Currently, the major limitation in cases of mediastinal lesions is the invasion of vascular structures, because the use of robots has not been proven safe in those cases.
Although robotic thoracic surgery has attracted great interest from many surgeons, its cost is still a limiting factor for the rapid spread of the technique. There are costs in several spheres, including the purchase of the robot, the maintenance and purchase of resources such as tweezers and disposable materials, and surgeon-specific training and certification to operate the robot. Although some studies show evidence of the economic advantage of robotic surgery, it is necessary for good perioperative outcomes, such as reduced complications and length of hospital stay, to contribute to the reduction of the total cost. (24) This is directly related to the experience of the surgeon, who must overcome the learning curve and obtain better results. Future perspectives show the tendency for more institutions to believe in the evolution of technology and, thus, invest in minimally invasive robotic surgery, which contributes to the improvement of patient care. At the same time, thoracic surgeons are motivated to become specialized in reproducing results achieved in established medical centers.
We can conclude that robotic thoracic surgery is safe and feasible in the treatment of thymic tumors by presenting a low risk of complications and a short length of hospital stay. The learning curve and cost are still limiting factors for the spread of the technique, which has a promising future.
